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INTRODUCTION 

The P i t t sbu rgh  Coal Research Center of t he  Federa l  Bureau of Mines is attempt- 
ing  t o  determine which s p e c i f i c  organic  s t r u c t u r e s  a r e  most i n f l u e n t i a l  i n  enhanc- 
ing  d e s i r a b l e  p rope r t i e s  i n  commercially important f r a c t i o n s  of coa l  t a r s  such as 
road ta r  and e l ec t rode  b inde r  p i t c h .  
types  of  hydrocarbon s t r u c t u r e s  i n  c o a l - t a r  p i t c h  d e t e c t a b l e  by h igh - re so lu t ion  
mass spectrometry.  
of weathered road ta r  and o t h e r  a l t e r e d  f r a c t i o n s  o f  coa l  t a r .  

The c u r r e n t  emphasis i s  on a survey of t h e  

This  in format ion  w i l l  p rovide  the  b a s i s  f o r  an  i n v e s t i g a t i o n  

E .  J. Greenhow and G. Sugowdz summarized t h e  l i t e r a t u r e  on p i t c h  chemistry t o  
1961 by s t a t i n f  t h a t  less than  100 organic  compounds i n  p i t c h  have been i s o l a t e d  
and i d e n t i f i e d  . I n  these  i n v e s t i g a t i o n s  q u a n t i t a t i v e  d a t a  were obtained f o r  only 
a few of the  s t r u c t u r e s  i d e n t i f i e d .  

I n  a previous i n v e s t i g a t i o n  a t  our l abora to ry ,  mass spec t romet r ic  analyses 
were obta ined  fo r  t h r e e  f r a c t i o n s  of p i t c h  from the  high-temperature carboniza- 
t i o n  o f  coal'. 
w e l l  a s  carbon number d i s t r i b u t i o n  d a t a  f o r  a l k y l  d e r i v a t i v e s .  Approximately 
70 percent  of  the  80" t o  85" C so f t en ing  poin t  p i t c h  w a s  i nves t iga t ed .  An aver- 
age molecular weight of approximately 250 and a value of 4 . 5  f o r  t h e  mean s t r u c -  
t u r a l  u n i t  (number of a romat ic  r i n g s  per c l u s t e r )  were der ived  from the  mass spec- 
t rome t r i c  d a t a .  
cu l a t ed  from these  d a t a  is  i n  e x c e l l e n t  agreement wi th  measurements by nuc lear  
magnetic resonance. 

Semiquant i ta t ive  d a t a  were r epor t ed  f o r  34 s t r u c t u r a l  types  as 

An a r o m a t i c i t y  va lue  of 0 .94  (aromatic c a r b o d t o t a l  carbon) c a l -  

Changes i n  the  c h a r a c t e r i s t i c s  of  road t a r  dur ing  weathering and i n  t h e  ca r -  
bon iza t ion  p rope r t i e s  of  va r ious  c o a l s  fo l lowing  s to rage  poss ib ly  involve a l t e r a -  
t i o n  of c e r t a i n  organic  c o n s t i t u e n t s  by r e a c t i o n s  wi th  oxygen, n i t rogen ,  and s u l f u r .  
In  our prev ious  i n v e s t i g a t i o n s  of p i t c h  by mass spectrometry only t h e  hydrocarbon 
p o r t i o n  could be s tud ied  i n  d e t a i l  a s  s t r u c t u r e s  con ta in ing  t h e  heteroatoms n i t r o -  
gen, oxygen, and s u l f u r  have, i n  many i n s t a n c e s ,  t h e  same nominal molecular weights 
a s  hydrocarbons. 
c o a l - t a r  p i t c h e s ,  such as s o l v e n t  f r a c t i o n a t i o n ,  r e s u l t  i n  a sepa ra t ion  according 
t o  molecular s i z e  but not chemical type  as i s  r equ i r ed  t o  d e t e c t  changes i n  he tero-  
atom concent ra t ions .  

Procedures commonly used t o  s tudy  the  chemical c o n s t i t u t i o n  of 

High-reso lu t ion  mass spec t romet ry  o f f e r s  a new approach t o  s t u d i e s  of spec ies  
con ta in ing  heteroatoms. Sepa ra t ion  of t h e  components i s  not necessary  i f  t h e  
ins t rument  has  s u f f i c i e n t  r e s o l u t i o n  and s e n s i t i v i t y .  
atom r e s u l t s  i n  a s l i g h t  change i n  the  p r e c i s e  molecular  weight o f  t h e  spec ie s  
producing d i s t i n c t i v e  peaks f o r  t h e  va r ious  combinations of  atoms. 

The add i t ion  o f  a he te ro-  

I n  t h i s  pre l iminary  s tudy  of  t h e  h igh - re so lu t ion  mass spectrum of  c o a l - t a r  
p i t ch ,  t h e  i n v e s t i g a t i o n  cons i s t ed  of :  
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(1) 
t rometer  ion source t o  e f f e c t i v e l y  concent ra te  spec ies  i n  p a r t i c u l a r  molecular 
weight ranges. 

Obtaining spec t ra  by f r a c t i o n a t i n g  the p i t c h  d i r e c t l y  i n  t h e  mass spec- 

(2) Making p r e c i s e  mass de te rmina t ions  and d e r i v i n g  empir ica l  formulas f o r  
components i n  the  150 t o  320 mass range. This  mass range inc ludes  components 
comprising approximately 70 percent  by weight of  t h e  p i t c h .  

(3) Showing t h a t  many of  t h e  high molecular  weight s p e c i e s  de tec ted  f o r  t h e  
f i r s t  t i m e  could a r i s e  from t h e  condensat ion of  r a d i c a l s .  

EXPERDENTAL PROCEDURE 

A Consolidated Electrodynamics Corp. Model 2 1 - l l O B  double focusing mass spec- 
trometer was used f o r  t h i s  s tudy  of a Koppers 80" t o  85" C s o f t e n i n g  p o i n t  p i t c h .  
A d i r e c t  i n s e r t i o n  probe w a s  used t o  introduce t h e  p i t c h  i n t o  the region of  i o n i -  
z a t i o n  f o r  the  f r a c t i o n a t i o n  experiment. The mass spectrum and t h e  weight of t h e  
sample vaporized were determined a t  t h e  fol lowing probe temperatures: l o o o ,  175O, 
250", 290", and 325O C .  

A convent ional  umbrella-type g l a s s  i n t r o d u c t i o n  system was used f o r  the  pre-  
c i s e  mass study.3 

Mass measurements on s tandards  were accura te  t o  5 .OG3 amu. The peak match- 
ing  technique with perf luorokerosene as  a s tandard  w a s  usea f o r  a l l  mass ass ign-  
ments. For most of the  h igh- reso lu t ion  de te rmina t ions ,  the  instrument  w a s  oper- 
a t e d  wi th  a reso lv ing  power of approximately 1 p a r t  i n  8 t o  10 thousand and wi th  
an i n l e t  and source temperature o f  300" C.  The r e s o l u t i o n  was high enough t o  per-  
m i t  accura te  mass assignments t o  approximately mass 300 and represented  a com- 
promise between s e n s i t i v i t y  and d e s i r e d  reso lv ing  power. The r e s o l v i n g  power 
requi red  a t  mass 300 f o r  c o m p l e t e  s e p a r a t i o n  of severa l  o f  t h e  m a s s  doublers  of  
i n t e r e s t  i s  shown i n  t a b l e  1; however, complete s e p a r a t i o n  i s  n o t  genera l ly  re- 
quired f o r  prec ise  mass assignments. I n  many ins tances  5 0  percent  of t h e  t h e o r e t -  
i c a l  reso lv ing  power i s  adequate. 

RESULTS AND DISCUSSION OF RESULTS 

A .  Mass Spectra  of P i t c h  Frac t iona ted  i n  Mass Spectrometer. 

Data obtained f o r  the f r a c t i o n a l  d i s t i l l a t i o n  of t h e  80"-85" C sof ten ing  
poin t  p i t c h  i n  the  mass spectrometer  ion source a r e  shown i n  t a b l e  2 .  Frac t ion-  
a t i o n  O E  the sample by increas ing  the temperature of t h e  d i r e c t  i n t r o d u c t i o n  
probe was e f f e c t i v e  in concent ra t ing  species in  a l imi ted  molecular  weight range. 
P r e c i s e  mass de te rmina t ions ,  made a s  a second p a r t  o f  t h i s  i n v e s t i g a t i o n ,  sub- 
s t a n t i a t e d  s t r u c t u r a l  assignments t o  about molecular weight 350. 

A t  a probe temperature of 100°C 25.5 percent  of t h e  p i t c h  sample was 
vaporized. Masses 178 and 202 a r e  t h e  most i n t e n s e  peaks i n  t h i s  spectrum, 
i n d i c a t i n g  anthracene and/or  phenanthrene and 4- r ing  peri-condensed s t r u c t u r e s  
such a s  pyrene d i s t i l l  p r e f e r e n t i a l l y  a t  these  temperature-pressure condi t ions .  
Spec ies  with molecular weights  as h igh  as  420 were de tec ted .  
temperature was increased t o  175O C a n  a d d i t i o n a l  22-4 percent  of t h e  p i t c h  vapor- 
ized .  The molecular weight  of t h e  spec ies  showing maximum i n t e n s i t y  increased 
t o  252, corresponding t o  a 5 - r i n g ,  peri-condensed aromatic  s t r u c t u r e ( s ) ;  the 
molecular weight range of t h e  spectrum increased t o  mass 526. A t  250" C an addi-  
t i o n a l  20.1 percent  of  the p i t c h  d i s t i l l e d .  The mass w i t h  maximum i n t e n s i t y  was 

When t h e  probe 
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Table 1.- Major mass doub le t s  in  mass spectrum of c o a l - t a r  p i t c h  

Resolu t ion  required t o  separa te  
Doublet #4 ( a m )  double t  a t  mass 300 

C2H8-S .0906 3,300 

CH4-0 .0364 8,200 

.0126 

.0045 

24,000 

67,000 

Table 2 . -  F r a c t i o n a l  d i s t i l l a t i o n  of Koppers 80"-85" C so f t en ing  
p o i n t  p i t c h  i n  mass spec t rometer  i o n  source 

Mass spectrum 
Probe temper- D i s t i l l a t e ,  weight percent  Mass wi th  Max hum 

a t u r e ,  O C  Cumu 1 a t  i v e  F rac t iona l  Max. i n t e n s i t y  mol. w t .  

L O O  
175 
250 
2 90 
325 

25.5 25.5 
47.9 22.4 
68.0 2 0 . 1  
68. Ob 
68.0 

178-202 420 
252 526+a 
228 550i-a 
326 62Wa 
326 5 70i-a 

a .  Accurate mass numbers could not  be assigned t o  t r a c e  peaks appearing a t  

b .  No change i n  weight of res idue  de tec t ab le  a t  probe temperatures > 250' C. 
h igher  molecular weights .  

Table 3 .- Mass assignments f o r  s eve ra l  perfluorokerosene (PFK) 
and polynuclear hydrocarbon peaks 

Experimental Calculated AM 
( m u )  P.P.M. 

204.9888 
2 18.9856 
23 0.9856 
242.9856 
254.9856 
268.9824 
280.9824 

202-0 776 

228.093 7 

204 -9896 .0008 4 
218.9852 .0004 2 
230.9847 .0009 4 
242.9855 .OOOl 0.4 
254.9854 .0002 0.8 
268.9810 .0014 5 
280.9811 .0013 5 

202.0783 .0007 4 
. - - - - - - - - _ - _ - - _ _ - - _ _ - - - - - - - - - - - - - - - - - - - -  

(P .F.K.  ) 
do 
do 
do 
do 
do 
do 

. - - - - - - - - -  
4- r ing ,  per i -  

condensed 

228.0939 . .0002 1 4- r ing ,  ca ta -  
condensed 

- I 
I' 

i 
/ 

i 

I 
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228, corresponding t o  a 4 - r ing ,  cata-condensed aromatic hydrocarbon, and t h e  
molecular weight range of  t he  spectrum i n c r e a s e d - t o  mass 550. 
temperatures,  290" and 325" C ,  t h e  s p e c t r a  ind ica ted  t h a t  t he  average molecular 
weight and r i n g  s ize  of  t h e  components continued t o  inc rease .  
maximum i n t e n s i t y  occurred a t  326 a t  temperatures of 290' and 325" C. 
ind ica ted  components w i th  molecular weights h igher  than  620. 
change de tec t ab le  a t  probe temperatures g r e a t e r  than 250' C. Thus, t h e  spec t r a  
obtained a t  290' and 325" C r ep resen t  only a very s m a l l  p o r t i o n  of t h e  p i t c h .  
t o t a l  amount of p i t c h  vaporized was 68 weight percent  of t h e  charge.  This value 
agrees  wel l  with the  70 percent  vapor iza t ion  obtained i n  our  prev ious  s t u d i e s  of 
the  same p i t ch .2  
100' C contained t r a c e  peaks whose masses could not be ass igned;  t hese  ions  
ind ica ted  molecular weights up t o  about 800. 

A t  h ighe r  probe 

The mass with  
The spec t r a  

There was no weight 

The 

The mass spec t r a  obta ined  a t  probe temperatures g r e a t e r  than  

The increased molecular weight range of t h e  m a t e r i a l  vaporized a t  h igher  
probe temperatures is  i l l u s t r a t e d  i n  f igu res  1 and 2 .  These f i g u r e s ,  based on 
low-ionizing vol tage  mass s p e c t r a ,  were p l o t t e d  a t  t h e  Un ive r s i ty  of  P i t t sbu rgh  
Computer Center us ing  a program obta ined  through t h e  cour tesy  of t h e  Graduate 
School of Publ ic  Health a t  t he  Univers i ty .  The t r a c e  ions  up t o  approximately 
mass 800, which could not  be e f f e c t i v e l y  reproduced i n  these  f i g u r e s ,  correspond 
i n  molecular weight t o  s t r u c t u r e s  conta in ing  a t  l e a s t  1 2  aromatic r ings .  

B. Prec ise  Mass Assignments. ' 

Table 3 l i s t s  p rec i se  mass va lues  obta ined  by t h e  peak matching technique 
f o r  s eve ra l  peaks i n  the  perfluorokerosene marker spectrum and f o r  t he  molecular 
ions  of 4- r ing  p e r i -  and cata-condensed aromatic hydrocarbons. These d a t a  show 
t h a t  mass assignments can be made t o  wi th in  a few par t s  p e r  m i l l i o n  by t h i s  
technique. 

Empirical formulas were der ived  from t h e  measured masses i n  t h e  150 t o  319 
range of t h e  80"-85" C c o a l - t a r  p i t c h .  Species having from 1 2  t o  2 8  carbon atoms 
were observed. A t o t a l  of 273 peaks were ind ica t ed ,  many r e s u l t i n g  from double ts  
and t r i p l e t s  a t  nominal masses. I n  a d d i t i o n  t o  t h e  hydrocarbon spec ie s ,  t h e  pre-  
c i s e  masses ind ica ted  the  presence of  a t  l e a s t  10 s t r u c t u r a l  types  conta in ing  
oxygen, 9 conta in ing  s u l f u r ,  and 10 conta in ing  n i t rogen .  Measured and ca l cu la t ed  
masses showed agreement i n  genera l  from a few t en ths  t o  3 m i l l i m a s s  u n i t s .  Nine- 
teen  of these  masses represent  s t r u c t u r a l  types not  prev ious ly  r epor t ed  f o r  coa l  
t a r  - 4  

The nominal molecular weight and atomic spec ie s  f o r  each of t h e  components 
de tec ted  is  shown i n  f igu res  3 and 4.  The a b i l i t y  of  t he  instrument t o  r e so lve  
complex mixtures i s  i l l u s t r a t e d  a t  mass 2 1 2  where empir ica l  formulas were obtained 
f o r  s t r u c t u r e s  conta in ing  carbon-hydrogen, carbon-hydrogen-oxygen, and carbon- 
hydrogen-sulfur,  a l l  having the  same nominal molecular weight.  

Table 4 g ives  t h e  formulas f o r  13 new high  molecular weight spec ie s  de t ec t ed  
i n  t h e  h igh - re so lu t ion  mass spectrum of p i t c h .  The formulas were der ived  from 
the  observed p rec i se  masses. The p a r t i c u l a r  s t r u c t u r a l  t ype ( s )  cannot be i d e n t i -  
f i ed  a s  many isomeric v a r i a n t s  a r e  poss ib l e  f o r  each formula. Also shown a r e  
formulas and s t r u c t u r e s  of s eve ra l  compounds conta in ing  (C,H), (C,H,O), (C,H,N), 
and (C,H,S) prev ious ly  i d e n t i f i e d  i n  coa l  t a r . 4  The l a s t  two columns of t a b l e  4 
i l l u s t r a t e  how the  h igh  molecular weight spec ie s ,  wi th  molecular formulas d e t e r -  
mined i n  t h i s  i n v e s t i g a t i o n ,  can a r i s e  from condensation r e a c t i ~ n s . ~  
t i o n  of C4H4 o r  C6H 
w i l l  produce the  mo?ecular formulas shown. 

The addi- 
r a d i c a l s  t o  r a d i c a l s  from previous ly  i d e n t i f i e d  s t r u c t u r e s  
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CONCLUSIONS 

Approximately t h r e e  times t h e  number of components repor ted  i n  previous 
inves t iga t ions  of c o a l - t a r  p i t c h  by o t h e r  techniques  were de t ec t ed  i n  t h i s  study. 
While the  i d e n t i f i c a t i o n  of p a r t i c u l a r  s t r u c t u r a l  types  i s  not p o s s i b l e ,  t he  pre-  
cise masses i n d i c a t e  the atomic spec ie s  p re sen t .  This  s tudy  shows t h a t  high- 
r e s o h t i o n  mass spectrometry provides a means of  d e t e c t i n g  changes i n  e i t h e r  t he  
concen t r a t ion  o r  composition of organic  compounds i n  f r a c t i o n s  o f  coa l  tar f o l -  
lowing exposure t o  var ious  atmospheres. Such information should lead t o  a b e t t e r  
understanding of the p r o p e r t i e s  of road tars and o t h e r  commercially important 
f r a c t i o n s  of  coa l  t a r .  
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